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1. INTRODUCTION

The representative thermal emissivity measurements of common and conspicuous
plants of the southwestern U.S. and Mexico were part of a project sponsored
by the National Aeronautics and Space Administration (NASA) Health Applica-
tions Office from 1973 ta 1975 for the screwworm eradication project. These
data, soil data, and ancillary information were used to compute factors for
use in the correction of thermal infrared temperature measurements made by
the National Oceanic and Atmospheric Administration (NOAA) satellites. The
results of this work were used to obtain accurate ground air temperature esti-
mates twice daily over Mexico and the southwestern U.S. These estimates were
applied to the screwworm eradication base and were used in the prediction of
the screwworm fly infestation sites. Refer to Barnes and Forsberg(]) fer
details of this project.

A review of the emissivity values of this project suggests that there are
significant differences between values obtained for desert plants and other
ecological species. This significance supports preliminary work by Gates(]o),
who suggested that in very dry areas, plants might alleviate some of their
potential heat absorption by efficiently emitting energy in the thermal
infrared regions. This feature is especially important in desert regions
where large amounts of heat and light are present but mechanisms for heat
dispersal are limited due to restricted availability of water needed for
cooling in evapotranspiration. To determine the difference in emissivity
values between desert plants and other ecological plants, a series of statis-
tical tests was performed on the coliected data. In this report, a discussion
of emissivity inciuding background is presented prior to documenting the pro-
cedures and significant findings of these tests.

1.1 DEFINITION OF EMISSIVITY

The spectral emissivity, e, of a homogeneous surface is defined by Huschke‘ls)

as the ratio of the radiance of the surface at a specified wavelength and
emitting temperature to the radiance of an ideal blackbody at the same wave-
length and temperature, The values for emissivity may range from zero to

unity.
1-1



Pianck's law gives‘the spectral distribution of the radiance from a perfect
radiator (blackbody) at temperature T as:

By = CyA"C[EXP(C,/AAT) - 177 (1)
where
¢, = 3.75 x 107 Gun
Cp = 1,44 x 1072m°K
A = wavelength in meters

—
"

pbso.ute .emperature in degrees Kelvin

The spectral radiaace emitted by an opaque gray-body may then be written:
Ly (T) = e(A)B,(T) o (2)

Thus, if the actual emissivity of a surface is not considered, the temperature
calculated from radiometric data will be lower than the true surface temperature.

For naturally occurring surfaces, emissivity values in the thermal infrared
wavelengths have beer reported ranging from 0.82 for granite to near 1.0 for
water, Buettner and Kern(4). Most surfaces seem to fall within this range.
Generally, rock ranges from 0.86 to 0,93, Buettner and Kern(4); soil ranges
from 0,90 to 0.97, varying with type and moisture content, Fuchs and Tanner(s).
Most vegetative surfaces 1ie between 0,96 and 0.98.

Equations (1) and (2) may be used to evaluate the magnitude of the error
associated with using an incorrect value for emissivity. Figure 1-1 presents
this error for the 10.5um to 12.5um spectral band which corresponds to the
spectral sensitivity of the radiometers carried by the NOAA satellites. The
data for this figure was developed.for a 300° K surface. Estimated surface
temperatures were calculated by numerically inverting equation (1) to satisfy
the following relationship:

[yl [uds

B, (T) = B,(T) 4 (3)

1-2
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Figure 1-1.— Temperature error (°C) associated with an incorrect assumption
of emissivity at 300° K.

TRUE EMISSIVITY




where the true emissivity € and the estimated emissivity € were varied between
0.9 and 1.0, For simplicity, the emissivity was assumrd constant over the
spectral region, While this assumption is not strictly valid, particularly
for siliceous minerals, an average emissivity can generally be used without
serious error in the thermal infrared region.
As can be seen from Figure 1-1, a 0.07 error in emissivity will result in an
approximately 0.7° C temperature error. The increasingly sophisticated uses
being made of radiometric data can no Jonger allow errors of several degrees
simply due to lack of adequate information on surface emissivity.

1.2 THEORY OF MEASUREMENT OF SURFACE EMISSIVITY

In this report, the radiation terminology proposed by the World Meteorological
OWganization(]s)

Consider the longwave radiative balance at the earth's surface which is shown
schematically in Figure 1-2. The outgoing spectral radiance, L+, consists of
two parts. The largest part, ESLb' is emitted by the surface; the remainder
is the portion of the incoming longwave radiation, L+, that is reflected by
the surface. Thus, the radiative balance at the surface may be written:

Lt = el + rly (4}

where res the longwave reflectivity, equais 1 - ¢
emissivity yields the following equation:

g+ Solving equation (4) for

_ L+ - L¢
& 7 L, - LY (5)

Thus, to calculate the infrared emissivity of a surface L+, L4 and Lb must be
measured.

In practice, only a portion of the longwave radiance is measured as determined
by the spectral sensitivity of the radiometer used. Therefore, care is neces-
sary when comparing emissivities measured with instruments of differing spec-
tral sensitivities. An analysis of the sensitivity of the calculated

1-4
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Figure 1-2 — Simplified longwave radiative balance at the earth's surface.



emissivity to measurement errors in the component radiances has been carried
out by Davies et az.(sl It was shown that for typical conditions, the sensi-
tivity of e to errors in L+ was 0.0001 per °K. (The radiance is expressed
in terms of equivalent blackbody temperature.,) Equivalent sensitivities for
Lb and L+ were -0,026 and ~0,028 per °K, respectively, However, under con-
ditions of extremely warm sky, the values for L4 become significant. Thus,
equal care should be taken with all measurements.
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2. BACKGROUND

Infrared emissivities have been measured experimentally by a number of
researchers using a variety of field and laboratory instrumentation. Before
the fleld trip for plant specimens and emissivity measurements was made,
Titerature on the measurement of irfrared emissivities was examined with
attention directed toward techniques, instrumentation, and results.

In 1928, Fa]ckenberg(7) measured emissivities at 10um using a single beam
spectrophotometer which ranged from 0.89 for sand to 0,955 for snow.

The first evidence of a systematic variation in components of the radiative
heat balance with a change in ecriggical communities was reported by Billings
and Morris(3). The authors present visible reflectance values for five Great
Basin communities ranging from hot desert to cool moist subalpine forests.
Their data suggest that communities with hotter, dryer conditions have visible
reflectance values higher than values obtained from communities with cooler,
wetter conditions. Their results involve the need for corresponding informa-

tion about components of the infrared energy balance,

Gates and Tantraporn(g) measured the reflectivity of numerous deciduous trees
and shrubs using a double-~beam Baird spectrophotometer. A systematic varia-
tion in emissivity for some species was noted with the upper surface of the
leaf higher than the lower, the shade Teaf more than the sun, and old leaves
more than new. It can be noted in their data that many plants from dry areas
had a relatively higher emissivity. This phenomenon was attributed to the
presence of a layer of waxy cuticle on the leaf surface.

The work of Buettner and Kern(q) represents a milestone in the measurement of
surface emissivities, This and most subsequent work made use of portable
infrared radijometers developed by Barnes Engineering Company of Stamford,
Connecticut. The technique developed by Buettner and Kern is fairly cumber-
some and 15 more suited to the laboratory than the field. However, the results
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from their numerous measurements are of high quality and represent a basic
reference for the emissivity of a number of minerals.

Buettner and Kern's approach was to create a controlled environment through
the use of an emissivity "box". A box with highly reflective sides was con-
structed such that the top could alternately be a high reflective surface or

a temperature controlled pseudo~blackbody. When the highly reflective top

was in place, a blackbody cavity (hohlraum) was simulated, and the spectral
radiance emitted by the surface was measured through a hole in the top. The
high emittance top was maintained at a temperature well below ambient. When
the radiance was measured with this top in place, the resultant was the sum

of the surface emittance and the refiected portion of the downwelling radiance
from the top., If the temperature, the emissivity of the high emittance top,
and the radiance of the surface are knowh when in the hohlraum, the emissivity
were easily calculated.

Buettner and Kern used an IT-2 ‘infrared radiometer with a spectral sensitivity
from 8 to 12u. A number of their measurements compared favorably with the
integrated readings from a Beckman IR-8 spectrophotometer,

Lorenz(15) studied several surfaces yielding generally good results. However,
his results were somewhat erratic probably due to his method of measuring sky
radiation. Using an IT-1 infrared radiometer (8 to 14u), Lorenz measured the
surface emittance using an aluminum Tined box for a hohlraum. He then measured
the combined surface emittance and reflected sky radiation directly by placing
the surface under an open sky. The sky radiation was then estimated by inte-
grating several direct readings of sky temperature made at different zenith
angles.

Fuchs and Tanner(a) developed their own method of measurement and report experi-
mental data for a few agricultural crops as well as for bare soils. This tech-
nique involves using a reference target of known temperature and emissivity to
estimate downwelling radiation from the sky. Fuchs and Tanner used an IT-2

and an IT-3 radiometer sensitive to the 8 to 13u spectral band.
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Fuchélahd Tanner(g)'presenfed measurements on sand and 1lustrated the depen-
dence of emissivity on moisture content. Using a sandy sofl, Fuchs and Tanner
observed variations from 0.90 with 0.7 percent water to 0,94 with 8.4 percent
water, At that time they also raised a question as to the relative validity

of measurements made with the techniques of Buettner and Kern, Idso and
Jackson(14) experimentally examined the rival methoﬂs and found them to be
equivalent in accuracy with root mean square errors ranging from 0.003 to 0,008.

In cbntraSt with Fuchs and Tanner's work, Hovis(iz) reported emissivities of
clay and loam soils close to 0.96 with no apparent variation due to soil
moisture, '

Conaway and Van Bavel(s)‘reported additional measurements on bare soil using
~ the Buettner and Kern technique. This study examined the use of radiometri-
cally determined surface temperature in calculating évaporation from bare soils,

Davies et az.(s)_¢onducted additional measurements of the emissivity of water
using a Barnes PRT-5 (8 - 14y) infrared radiometer. They report a value of
0.972 with no detectable variation due to turbidity. This compares poorly to
Buettner and Kern's value of 0,993, perhaps due to fhe differing spectarl
sensitivities of the instruments used in the two studies.

Bartholic et az.(z) measured the emissivity of cotton and bare soil in the
course of a study to determine the use of thermal infrared in delineating
moisture stress and sofl moisture conditions.

~ In general, all of the workers who have developed the techniques for measuring
emissivity seem to have reported on a fair]y’random selection of whatever
material was on 'and, As a result, persons working on applications which
require a knowludge of surface emissivities have been forced to fake their

~ own measurements. In addition, with the exception of work by Bi111ngs and
Mbrris(s) and Gates et az.(lo and ]]) 1ittle effort has been made to study
‘systematically the collective emissivities of species which accur together -

- 1n a given ecciogical situation,:
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3. METHODS AND MATERIALS

To gather the desired emissivity data, a series of trips were made to eastern
and northern Mexico, Texas, New Mexico, and Arjzona. Field measurements were
made of the important dominant species of each area. The choice of species
included only those that formed the exposed overstory in each community as
only their radiational surfaces would contribute significantly to the scene
emissfvity as perceived by the NOAA satellite.

When ¥irst entering a study area, the scientist determined the kind and

number of dominant plant communities. The use of botanical 1iterature and
available aerial photographs greatly simplified the problems associated with
determining the distribution of the key Moxican and U.S. communities. After

a general survey, representative communities were selected for detailed
analyses. Quadrats were used to determine plant cover and dominance. At

each site, representative localities were chosen, quadrats 50 m on a side
were marked off, and the vegetation measured and mapped. Based upon a plant's
relative occurrence within a community, the conspicuously dominant, common,
and occasional plants were listed for each community.

After an area had been surveyed and the candidates for measurements were
known, the instruments were set up in a clear area with no overhead trees or
other radiational obstructions in the immediate area. The measurement site
was away from cars and the accessory instruments to ensure that radjation

from cars, people, and accessory instruments did not affect the field measure-
ments. While the instruments were being assembled and warmed up, specimens,
representing all desired mater{ial, were gathered quickiy. Time is a critical
factor in all phases of emissivity measurements because temperatures and sky
radiation can fluctuate rapidly within a few minutes and specimens can wilt,
often quickly.

Only leafy branch tips from the exposed upper surfaces of the plant were

clipped for emissivity measurements. Branches from the lateral but exposed
portions are best because the leaf orijentation with respect to the sun will
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remain approximately the same when measured by the radiometer, Several
branches 8 to 10 inches long were selected and laid one upan the other with
upper leaf surfaces facing upward and correctly aligned so that the leaf
sample orientation was as nearly normal as possible, Careful attention made
sure that enough layers of leaves were placed together so that none of the
underlying surface showed through. Usually, a dense bundle of leaves 10 inches
in diameter was created, If botanical reference specimens were needed, it

was useful and sometimes critical to collect samples of fruit, flowers, and/or
seeds for use in species identification. These latter portions were not
jncluded in the emissivity sample unless they formed a conspicuous portion of
~ the canopy. A bundle for each species w.: made and laid in order of collec-
tion number on the ground at the measurement site. For woody species or those
that habitually show dead or bare branches in the canopy, hare twigs were
included in the bundle. For such cases, it was frequently dif¥icult to

create a representative mass of vegetation and branches.

Each specimen was given a collection number and reference name {or botanical
name i known). In the field notebook, the collection number was recorded
with data or local distribution and relative dominance. Once the collection
numbers were assigned, measurements were made, alleviating the potential for
wilting which can be a serijous problem in dry or windy areas. Afterwards,
further notes were recorded. Upon completion of the critical measurements,
portions of each specimen sample were placed in the plant press as needed for
Tater use in specimen ideptification and verification, If fruits, flowers,

or seeds were previously collected, these were included plus enough vegetative
material to make two herbarium sheets of voucher materiai.

The field readings were screened on the spot with compiete reduction occuring
at a later date in the Jaboratory., Generally, it is a good practice to evalu-
ate at least a part of the data in the field to eliminate spurious readings.

The calibration curves for the Barnes PRT-5 were used to convert the readings
from the digital voltmeter to temperature. The temperatures were then con-

verted to radiances,
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The magnitude of the downwelling sky radiation was calculated from the measure-
ments made upon the reference target. Using equatfon (4) and solving for
L+ yields:

L+ - BrLb

_er‘

Ly = (6)
Thus, by measuring L directly over the reference's target and measuring Lb
using the emissivity box, L+ can be calculated when the emissivity of the
reference target, Eps is known.

The emissivity of the surface (over the spectral range of the radiometer) may
then be calculated, After examining equation (5), it is seen that the thermal
infrared emissivity can he calculated directly from L+ and the measurements
of Lb and L+ taken over the unknown. The emissivity values for various
Mexican and southwestern U.S. plants that were measured as part of this study
are presented in Table 3-1.

The equipmen’. used for conducting these measurements consistzd of a modified
Barnes PRT-5 with spectral sensitivity from 10.5um to 12.5um and a digital
~yoltineter for the radiometric measurements, an aluminum 1ined emissivity box
for measurement of surface radiance, and a brass reference target used to
calculate downwelling sky radiation, ATl radiance values used hereiafter are
for the 10.5um to 12.5um spectral region.

The measurement sequence for each surface is conducted as follows:
1. Measure Lt of the reference target

2. Measure LS of the reference target using the emissivity box

3. Measure Lt of thé unknown |

4, Measure Ls of the unknown

The ideal conditions for measurement are low winds with a cold clear sky.
Often, early morning and late afternoon produce the best results as the changes

3-3
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TABLE 3-1.— EMISSIVITY VALUES FOR VARIOUS MEXICAN AND SOUTHWESTERN U.S. PLANTS

Collection Kative or Rumber of
Habitat/niche Keasurement site Batanical name Corman name punber Emissivity cultivated | fate roplfeatfons
Chaparral
Chaparral Harathon, T4 foauia conatrtota acacla 4633 0,974 Hative 10776 '
compone
Chaparrot gﬂ!atl Hountains, gmgia neopemticons reacha 4618 982 Hatlve 10775 2
componen { soly
ti'nm::lrcovm Larads, TX Seraginactas forily 4283 S Hative W 1
:::;gd:f‘:g’ ‘If;rdeolﬂel Rio, Cenchive oflfaric Buffelgrass 4286 976 Cultivaied | 13/74 2
Chaparral %:iul Mountains, gmfxsahutauta 4519 Rk] Hative 10/75 3
. B, Johnston
Chaparra) Starr County, T Holtetia parpifolfa furreta 4260 R Hative 14714 1
companent (Gray} Benth,
Chaparral Starr County, TX Karypinakla Rumbaldtions | Coyot]llo 4263 545 Hative 11/714 1
component {R,S,) Zuce,
Chaparral Starr County, TX Leucophyliue frufdocana | Chenizo 4258 4958 fative 1174 1
component (Darl.} LM, Johnsten
Chaparral Laredo, TX Laucophyllvn fruteooena | Chenizo 4287 1903 Hative /74 H
component (Berg,} 1.M. Johnstor 984
Cheparral Laredo, TX Perltoria anguotifolia Guayacan 4288 950 Kative 11/74 2
componant (Engelm,) Gray ‘
Dominant shrub Laredo, TX é’r'anapta plandulooz Hesquite 4284 987 lNative 1114 z
ore,
mmmt tall Lower Valley, TX m:apin glanduloaa Hosquite Sk 989 Ha.ive 1174 1
Cloud forest
Istrllg:belevat!nn E:;:gﬂa;lr‘lear Bavcharia conifera Encing 4528 978 Hative 1115 2
' Puchla o
Righ elevation Hiredor near Pinue lefophylla Pine 4529 ,858 Hative W H
nesaphytic pine | Esperanza, Schiecht, and Cham,
Pucbla
Temperate Coscomatepec, Flatenua Lindanicng Sycamgre 4548 966 Hative 1415 k)
tren Veracruz Mart, and Gal.
High elevatfon Hirador near Quératn oaidioans Encino 450 L5364 Hative 1775 3
tree Esperanza, HNee ‘
Puebla
High elevation Hirador near Quapeus eracaifoli Encine 4530 Bk Hative 1115 2
tree Esperanza, Humb, and Benpl.
Puebia
High elevatien Hirador near Solowm corvantenit Hightshade 4532 956 Hative 1715 4
shrub Esperanza, Lag,
Fuebla
Pesert
Desert shrub Laredo, TX ?rwgiﬁi{‘lzsnsatwm liuisache 4282 .989 Hative 11474 1
gmrtaeirrnom Hot Springs, TX 4%3:—'0 tachuguiila Lecheguilia a606 597 Native 10/75 k]
deserts
?::grt grass- Harathon, TX Agroatia op, 4526 1961 Hatfve 10475 k]
Comon in Ft. Stockton, T{ Atoyaia gratiacima White brush 4am 958 [l
washes ' (G1¥L ﬁgihmlr..c)r Tron- " stive n/m 2
£050,
¥ Aetr f
> t
L P i
ETN o 'qm ﬂl‘i %
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TABLE 3-1.— Continued.
Havftat/piche | Measurement site Botanica) name, Comrion name c°:,3;£::_°“ fmissivity "‘:“ taing | Date rslﬁ,ﬁ::t?gm
Desart '
Detert grass Laredo, TX Artatida glaved Three-awn 4285 0,903 Native 11474 H
(Nees, } Walp, .
Limestone RiTis %.;ndcrmr: Canyon, | Artacida op, Three-awn 4655 972 Native 10775 4
Hintor annual Ft. Stockten, TX Antragalue op, Hilksvateh 4323 993 Hatfve 1174 K]
understary .
Alkalt desert Karathon, TX Atriplep oane 2ina Four-wi 4620 66 Hatlve 10425 k]
shrub {Pursh} Nutt. salt bus i
Desert grasse Harathon, T Routalong vurtfpenduty Side-pats grama 4620 L0487 Native Y0/ 75 4
land {Michx,) Torr,
Desert *roas Yan Horn, T Boutwlowt uriopods Black grama 4327 +390 Hative AT ?
{Torr,) Yorr.
Uesart o 133= Harathon, TX Boutelina htpouea Grama Ag27 L0690 Hative 1075 ]
land Lag, Hafry Grama
Ground oover Ft. Stockton, TX Boragtnreeze family 4259 .58 Hative 1/14 ;
gosette form Hot Springs, TX Boraginaceae fimily 4601 83 Hative 10/75 H
esert
Desert grass Hot Springs, TX Buchloe Jaotylotdes Buffalo grass 4604 9718 Mative 18/75 3
{tutt,) Engelm,
Cl‘i?!ﬂlﬂ hush Fata, TX Chyyaothamiun op, Rabbit~brush. 1610 985 Hative 10/7% L]
H
ﬁosel:e form Hot Springs, TX Composttae 4603 W98 Hative 10475 3
eser
Desort shrub Yan liern, X Condalfa qrigoiden ltavelna bush 4326 988 Native 1w 2
{Gray} M.C, Johnson
Roadsfde weed Chiatl Mountains, troton Fatisll Leather weed 4620 L85 Native 10475 k]
T (K1} Huedl. Arg.
Desert grass Van Horn, TX Frioneuron pulohellon Fluffgrass LRk .978 Hative 11 2
{H.5.K,) Tateoka
Desere cactus Tehuacan, Purbla Lagontria chiotillin Chiatilia 4534 +96Q Hative 1475 2
{Weh,) Rose
Dusert shrub Ft, Stockeon, T4 Floursnafa oormiu Tarbush anz L9923 Native 11 2
Desert shrub Van Harn, TA Flouranoia oarmtia ‘Tarbush 4328 993 Hative W 2
Creosote bush Plata. TX Flourenzia earma Tarbush 4609 +993 ative 10475 k|
Desnrt grass Ft. Steckton, TX #ttaria mitioq Tobosa 4310 982 liative [AFxL] 3
{Buckl,) Denth,
Desert Ft. Stetkton, TX Junlparus Ashel Rock cedar 4304 993 Hative 119/ 14 H
muntain Buchh,
Limestone Sanderson Canyon, | Juniperus Dappeana Alligater 4658 91 Hative 10/75 H
desert T Steud, Juniper
pesert shrub Ft. Stocktan, TX )l:aabarmu‘n eptnea Althorn 417 .92 lative 1/14 4
UeG,
!llesﬁrt grasse Harathon, TX Labiatan 4632 986 Hatfve 10/75 2
an
Dasert shruh Ft, Stockton, TX fiﬁrEcc): !.‘.:ridmt:am Creosote bush 413 299 Hative N/ 3
.C.) Cov,
Desert shrub Van Horn, TX i('nn-m; évta’mmw Creosote buth 4325 581 Native W74 3
0.C.) Cov,
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TABLE 3-1.— Continued,
; Collecticn Native or Humber of
Kabitat/niche Hessurement ${te Botanfeal name Conman nime nbrber [missivity cultivated | Date replicstions -
Desert
Dasart shrob Hat Springs, TX ﬁiﬁ ridontata Creasote bush 1602 0,986 Hative 10475 2
ilke ] LOV,
Pesert shrub Plata, TX iﬁrgac): ér-tdnntam Creosote bush 4608 1995 Native 10/75 3}
WC.} Cov,
Hot desert Tehuacan Yalley, Lemairuooereus alallatue [ Organ pipe 4533 969 Native 11715 k]
cactus Puebla (Pfeiffer) ar. & Rose
Hot desert Tehuscan Yallay, Lemat reooureus Waberd Cardon 4534 996 Mative 1775 ?
cactus Puebla {Cavit.) Br. & Rose
Limestone hills | Sanderson Canyon, | Leucophyllim condidim Chenfzo 4659 977 Kative 1075 4
b} LM, Johnston
Desert shrub, Ft, Stockton, TX Lyctun Torrayt Wolf berry 4316 99} Mative 11 2
xerophytic Gray
timestone hil)s | Sanderson Canyon, [ Mahonia tpifollata Agarito 4656 084 Kative 10475 3
Th {Morfc,) Fedde
Desert grass Ft. Stockton, TX stdflf;nbnmta Fortard Bush muhly 222 519 Hativa 1114 2
cribn,
basert grass Yin Horn, TX .;mh#:nbsmtu Portept Bush mubly 4329 L9719 Hat{ve 1 k]
cribn,
Limestone hi115 | Sandersen, TX .z‘igltm erimpime Bear-grass 4654 ~78 Hative 10/75 5
urr, .
Desert grass- Marathon, TX Nolina torgna Bunch-grass 4631 088 Native 10175 5
and Hats,
Prominent Ft. Stockton, ¥X Dpunh'ﬂ phacgoantha Prickly pear 4318 977 Rative W k|
exposed cactus Engelm,
Desert grass- Chisti Hountains, O;mncta phaeacaitha Prickly pear AG15 953 Hative 10425 3
land 11 Engalm i )
Creosate hills Plata, TX Dpuntt'a violavea | Purple prickly 4612 954 Hative 10/75 2
Engelm, pear
Desert ;nhugnn Yalley, Opuntta op, Prickly pear 4535 962 fative 1475 H
uebla
Dasert shrub Ft. Stockton, TX Prosopts glandulosa Mesquite 4315 +989 Native 11174 k]
often pear Torr, :
water courses
treosote hills Plata, 1% .;rauvpis glanhilooa Hesquite 4611 901 Hative 10/75 k|
orr. .
Désert washes Harathon, 1X !;‘ronupil glandulosa Hesquite 4€£29 +987 Hative 10/75 5
orr,
High dosert Canada Horelos, Quoroue o.f, depresatpes | Encing 4519 982 Hative 1775 2
shrub Puebla Trel.
Hot, season- Hirador pear ha= | Quorcus oleatdes Encino tesmole 3519 879 Hative 1175 3
ally dry tusco, Varscruz Schiect. & Cham,
low hills of
Yoracruz
Hots seasaon= Hlrador near Huae Suarour podimenlaris Encina 4527 589 Hative - 1478 2
ally dry iusto, Yaracruz Hee
Tow bills of
Yersiruz
Lirastone hills _.';;ndersun Canyar: gh;.-u pipain Evergreen sumec 4660 +988 Native 10775 4
ray
A.gq;esslve Harathon, TX Salsela Kali Russtan-thistle 4634 995 Introduced | 10/75 3
e '
quh dasert Canada Marelos, Selinua molle Pirad 4538 965 Introduced { 1/75 2
trie Puebla L.

3-8




A

TABLE 3-1.— Continued.

Collection Kative or Hurber of
Habitat/niche Heasurement site Botanfeal mame Common name ubat Emfssivity | coitivated | ote repl{uations
Desert )
Desert grass Ft. Stockton, TX ggﬁmmaau Irauifoliva { Burro grase 404 0,927 Hative 11474 k]
?e:;rt grast. Marathen, TX Sataria sp 4625 980 Hative 10175 4
1
Agressive Fortin, Veracruz Bida rhombifolis 4513 988 Hative 1175 2
waddy herb L,
Roadside weed %lifuti Hountadns, | sida zp, 4617 985 Native 10/75 b
Roadside weed ggiatf Hountains, | Verbonasoaas family 4621 297 Native 10/75 k|
Agr:sme Forin, Veracruz Vagb?im turbzoonets 4512 .809 Kative 1725 H
wee WBeKs
Limestone Sandersan Canyon, | Yuosa Thprpecniana Yutca A657 958 Hatfvn 10/15 k]
s X Trel,
Rosette form Hot Springs, TX Yeooa Terpeyl Yucca 1505 588 Hative 10/75 k]
desert Shafer
Pinon-duniper
Finan«duniper Davis Hountains, duntparue goopulorun Rocky mountain 4613 991 Hat{ve 10/25 5
belt T* Sarg, Juniper
:1;12n-duniper _?.;vis Hountains, Pinuo ommbpolden Hexicon Pinon 4674 L8986 Hative 10/25 &
1] P
Pinon=duniper Davis Hountains, Pinuo pondoroma Ponderosa pine 4615 ,978 Rative 10/75 5
belt X Laws.
Pinon=duniper pavis Hountains, Quercud apirantoa Arizona oak 4672 77 Rative 10/75 4
belt T Args
Pinon-duniper Devis Mountains, Quepous turkinolla Serub oak 4676 982 Hative 1475 2
belt TX Greene
Hangrove
Coastal Coast of Veracruz | Legunoularis reeomasa Black-mangrove 4553 962 Kative 1775 k)
estuarfes (L.) Gaaotn, f,
Cosstal Coast of Veracruz | fidsophora Mangle Red-mangrove 4552 L5650 Hative Wi 2
estuarfes L,
Hontane rain forest
Secondary Fortin, Yeracruz Acaala op, acacia 4606 052 Natfye 1775 3
suceession 1n
disturbed areas
Sccondary Fortin, Verdcruz Cearepia obtunifolia Cecropia 4509 . 055 Hative 1475 F4
succession fn
disturbed areas
Coffee cover Hirador near Inga ap, Inga 4507 970 Cultivated | 1775 3
crop Hua tusco,
Voracrul
Coffoe cover Hirador near Hua= | Inga ap. Inga 4516 +943 Cultivated | 1/75 4
] tusco, Yeracruz
Hontane rain Fortin, Yeracruz Dersea nehtm’mim 4511 901 Native 1775 3
forest tree Hees
Secondary growth | Coscomatepec, Plushea odirata 4547 +990 Hative 1775 2
shruby herb Yeracruz {L.} Cass,
Montane Fortin, Veracruz Pothomorpha wnbollata 4510 943 Hatfve 115 H
rain forest (L.} Hig.
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TABLE 3-1.— Concluded.

Kabltatsniche | Heasurcment site Botanical pamo, Covmon nams C°Al:§:1°“ Enissivity g;}{::.::d Date rg:T?::t?gns
Temperate foresi
Hesophyte g;lvestnn County, | Ilaxr vomitoria Yavpon LELL] O.gg; Kative 1217 f
01d fietd League City, TX Juntperus vliginfan: Castern red 436 996 Hatiye 12 4
invador L, cedar
Agressive teague Clty, VX tonfoera Japonioa Japanese M 51l Introduced | 12/74 2
unders tory Thunb, honeysuckle
Wettand Galveston County, | Quarous nigra Water cak 118 587 Hative 12114 2
tree T L. 2993 i
Masophytic Galveston County, | Querore virginfans Live cak. upper 41 983 Native 12N 3
tree, central > Hill, sreag Live oak,y
ond cozstal TX lower area
Epiphyte ﬂ!vemn County, ffliafdata wencotdea Spanish-ross LhiY +985 Native 12/74 2
Tropical deciducus forest
Agressive Mrador near Haus | Mangifert dndioa Hango 4518 2960 Cultivated | 175 H
woedy herb tusco, Veracruz L
Fruit tree Playa Carino, Mangifera indica Hango 4557 J960 Cultivated | 1725 2
Yeracruz L.
Palmar Pledras Negras, Sabal mextoans Stbal mln 4550 1962 Wocive 116 3
Yeracruz Hart,
Woadland savanna
Woadland Playa Carina, Acacia op, acacia 4551 1952 Hative 1778 2
Lavanny Yeracrus
Widespread in Playa Carino, Cofba pantandra Yapak 4556 +966 Hative 1115 2
weadland Yeragrue
saanna
Hat, low wocd- flaya Caripo, Tabebuta rooca Tabebuia 4855 942 Hative 175 2

land savanna

Veracruz

(6ert,) D.C.
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in temperature produced by shading the surface from the sun are smallest at
these times. A high overcast also produces favorable conditions, Broken or
1ow warm cloud conditions should be avoided whenever possible, However, rapid
measurements and frequent replications generally produce usable results even
under difficulc conditions.

3-9
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4. DISCUSSION

4.1 ANALYSIS OF DATA

The variability of the measured emissivity values was examined using analysis
of variance techniques. Through a series of contrasts, the statistical sig=-
nificance of differences in emissivity between broad ecological groups was
determined. The group studied and the number of observations available are
given in Table 4-1. The difference between desert vegetation and ail other
types was clear, The hypothesis stating that the means of each ecological
group vere equal was strongly rejected. No significant differences were found
between the two types of desert vegetation or among the four types of non-
desert vegetation. However, it was found that the rain forest vegetation was
significantly different from that of the temperate region. These comparisons
may be seen in Tabie 4-2 along with a comparison of desert; rain forest, and
temperate regions, This comparison showed significant differences among the
group means. The means and standard deviations of each group may be seen in
Table 4-3.

4.2 INTERPRETATION OF RESULTS

The results of the statistical analysis suggest the following ecologically
important ideas.

As a means of avoiding excessive and possibly fatal absorption and retention
of heat In the desert, desert plants reemit virtually all incoming radiation.
This aids in keeping plant temperature at a viable level without benefit of
the common evapotranspiration mechanisms available to more mesic plants.

Temperate region plants face less of a heat stress problem than desert plants,
yat their leaf temperatures must be kept within a range consistent with their
“metabt1ic requirements. In the temperate areas of the U.S5. where these plants
were studied, a moisture stress develops in the late summer when temperatures
are highest but soil moisture levels are low. An adaptive advantage can be
speculated for plants that can increase their heat reduction during warm dry
periods without increasing their evapotranspirational losses.

41
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TABLE 4-1.— MAJOR ECOLOGICAL GROUPS EXAMINED FOR

VARIATION IN EMISSIVITY

Group Number ¢ f obsaryations
Dry desert 61
Humid desert 15
Montane rain forest 1
salt water aquatic 2
Deciduous rain forest 10
Temperate region Ik

TABLE 4-2.,— PRINCIPAL CONTRASTS OF THE ECOLOGICAL GROUPS

Degrees
of

Contrast F-test freedom Significance
Desert versus all others 21.7 1,108 Highly significant
Dry versus humid desert 4 1,74 Not significant
Montane rain forest ver- 1.7 3,30 Not significant
sus aquatic versus decid-
uous rain forest versus
temperate region
Deciduous rain forest 5.3 1,30 Significant at the
versus temperate region 5-percent Tevel
Desert versus rain forest 16.1 2,108 Significant at the
versus temperate region 1-percent level

TABLE 4-3.— MEANS AND STANDARD DEVIATIONS

OF EMISSIVITY

FOR THREE VEGETATIONAL GROUPS

Group Emiésivity Standard deviation
Desert 0.981 0.01
Rain forest .962 020
Temperate region .977 012
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In the two tropical groups studied, the montane rain forest and tropical
deciduous forest, abundant moisture occurs during the growing season. There
is no chortage of moisture needed in cooling. In the cooler dry seasoh, the
deciduous forest 1s dormant and leafless while the montane rain forest has a
Tesser but sti1l sufficie.c amount of moisture to meet its needs,

4.3 CONCLUSIONS

It appears from this work that there is some physiological adaptation in
plants to their radiational environment. The data and analyses presented
suggest that on a community-wide level, plants of the desert, tropics, and
temperate regions have each adarted to deal with specific and characteristic
radiation levels found in eaci area.
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